Objective: Studies have demonstrated the direct relation between elevation in cardiac necrosis markers and increased risk of cardiovascular complications after percutaneous coronary intervention (PCI) in chronic kidney disease (CKD) patients. In this study, we sought to evaluate the effect of omega-3 on creatine kinase-MB (CK-MB) and troponin-I in CKD patients undergoing elective PCI. Methods: Eighty CKD patients, candidate for elective PCI, were randomly assigned into two groups: Group A -receiving omega-3 (2.5 g, 12 h before PCI) plus standard treatment (n = 37) and Group B -control group, receiving only standard therapy (aspirin 325 mg and clopidogrel 600 mg loading dose and weight-adjusted intravenous heparin) (n = 43). Blood samples were collected before and 24 h after PCI for measuring CK-MB and troponin-I. The primary endpoint was considered to be postprocedural variations of CK-MB and troponin-I levels in both groups. The secondary endpoint was the percentage of pre-procedural myocardial infarction (PMI) occurrence, defined as the elevation of post-PCI troponin-I, between study groups. Findings: Both the baseline and 24-h CK-MB were significantly higher in omega-3 group. Although 24-h troponin-I increased less in omega-3-treated arm compared to the control group, no statistically significant variation was observed between the two groups. With regard to PMI occurrence, no significant difference was detected among study groups. Conclusion: Despite the beneficial but nonsignificant effects of omega-3 on decreasing post-PCI elevation of troponin-I and PMI occurrence, further investigations with bigger study population, higher doses of omega-3 and longer duration of treatment, and long-term follow-up of patients are required to better test the potential effects of omega-3 in improving clinical outcomes in CKD patients undergoing PCI.
Introduction
Patients with chronic kidney disease (CKD) are more likely to develop cardiac diseases. Importantly, not only these patients are more susceptible to cardiac diseases but also they are more vulnerable to face with more severe cardiac complications. Meanwhile, coronary artery disease is the main cause of death in these patients, and it is estimated that 1-year mortality in CKD various post-PCI adverse effects such as unsuccessful intervention, increase in hospitalization time, higher rates of clinical and angiographic restenosis, more elevation in post-PCI cardiac biomarkers, and mortality, compared to non-CKD patients. [3, 4] Recent investigations have demonstrated that elevation of cardiac necrosis markers, creatine kinase-MB (CK-MB), and troponin-I, after PCI is directly associated with short-, intermediate-, and longterm adverse outcomes, remarkably mortality after PCI. [5, 6] Therefore, American College of Cardiology/American Heart Association (AHA) guidelines now recommend routine measurement of CK-MB and troponin, 8-12 h after PCI in all patients regardless of symptoms, for prognostic evaluation (Class 2A recommendation). [7] It has been revealed that inadequate platelet inhibition at the time of PCI is associated with a higher risk of recurrent ischemic events after PCI; as a result, antiplatelet therapies have been introduced as a main treatment option before and after PCI. [8] Regarding the beneficial cardiac effects of omega-3 polyunsaturated fatty acids (PUFAs) as an antiplatelet agent and its improving effect on aspirin responsiveness, we as well as Gajos et al. previously investigated the effect of omega-3 on cardiac necrosis markers in patients with normal kidney function undergoing elective PCI. [9, 10] In our previous study, it has been revealed that pretreatment with a loading dose of omega-3 could significantly decrease CK-MB elevation after PCI. [9] Therefore, in this study, we aimed to evaluate the effect of omega-3 on post-PCI cardiac necrosis markers, CK-MB, and troponin-I in patients with CKD. To the depth of our knowledge and available databases, this trial is the first one in evaluating the effect of omega-3 in CKD patients in this setting.
Methods
This is a prospective and randomized clinical trial conducted in cardiac catheterization laboratory of two tertiary care centers affiliated to Shiraz University of Medical Sciences (SUMS), Shiraz, Iran. The study was carried out from January 2015 to January 2016 and was approved by the Ethical Committee of SUMS. The identifier code of Iranian Registry of Clinical Trials (IRCT) is IRCT2015040920441N2. As to the ethics, informed consent was obtained from all patients enrolled in the study.
Eighty patients admitted to two cardiac hospitals of SUMS for elective PCI were enrolled in the study. Inclusion criteria were the age range of 15-80 years, non-ST elevation acute coronary syndrome, candidates for elective PCI, treatment with aspirin at least 5 days preceding PCI, and estimated glomerular filtration rate (eGFR) between 30 and 60 cc/min. Exclusion criteria were cardiac bypass surgery in the previous 3 months, administration of bivalirudin and glycoprotein IIb/IIIa inhibitors during PCI, presence of active bleeding, platelet count <70 × 10 9 /L, allergy to aspirin or clopidogrel or omega-3 PUFAs, and unsatisfactory PCI. eGFR was calculated using Cockcroft-Gault equation: GFR = (140 − age) × body weight (kg)/72 × plasma creatinine (mg/dl) (×0.85 for female). Preprocedural creatinine, obtained at the nearest time before the PCI, was used for calculating eGFR.
Interventions were carried out using the standard technique with performing drug-eluting stents for all patients. Eligible patients were randomly divided into two groups through simple randomization method. The control group received merely pre-PCI standard therapy while omega-3 group received standard therapy plus omega-3.
According to the institutional protocol, all patients were pretreated with oral aspirin (325 mg loading then 80 mg/day lifelong) and clopidogrel (600 mg loading then 75 mg/day for at least 1-year post-PCI). In addition, all patients received weight-adjusted intravenous unfractionated heparin with a target activated clotting time of 250-350 s before the intervention.
Omega-3 pearls (Super Natural ® ; NutraLab, Canada) containing polyunsaturated fatty acids of 600 mg eicosapentaenoic acid (EPA) and 300 mg docosahexaenoic acid (DHA) were used. For all patients in omega-3 group, 2.5 g of omega-3 (2 pearls containing 1200 mg EPA and 600 mg DHA) were used 12 h preceding the PCI.
Blood samples were collected before (baseline) and 24 h after PCI for measuring CK-MB and troponin-I. The primary endpoint of this investigation was considered to be postprocedural variations of CK-MB and troponin-I levels in both groups. The secondary endpoint was the percentage of pre-procedural myocardial infarction (PMI) occurrence, defined as the elevation of post-PCI troponin-I more than 3 times of upper limit normal, between study groups.
Statistical analysis was performed using Statistical Package for Social Sciences software version 21.0 (SPSS, Inc., Chicago, IL, USA). The Mann-Whitney U-test was applied for statistical analysis of cardiac necrosis markers. Differences in proportions were tested by the Chi-square when assumptions were met; if not, the Fisher's exact test was used (if >25% of the categories has expected frequencies <5). The results were expressed as median (interquartile range) or mean ± standard deviation (SD). P <0.05 was considered statistically significant.
Results
The CONSORT diagram of the clinical trial is showed in Figure 1 . Thirty-seven participants were assigned in the omega-3 group and 43 participants in the control group. No statistically significant differences were observed between study groups with regard to basic clinical characteristics, medical and drug history. Patients' demographic data are presented in Table 1 .
Procedural features with regard to the type and number of target vessels in the study groups are reported in Table 2 . No statistically significant difference was seen between two groups except with left anterior descending (LAD) vessel distribution that was significantly more involved in omega-3 arm.
The change in CK-MB and troponin-I in both groups is summarized in Table 3 . CK-MB levels were reported as median (interquartile range). As shown, the baseline CK-MB was significantly higher in omega-3 group compared to control (P = 0.030). Although rising in 24-h CK-MB level was seen in both arms of the study, the CK-MB was also significantly higher in omega-3-treated patients after the procedure (P = 0.045). Comparing the differences between baseline and 24-h CK-MB between two groups, no significant difference was detected. Results of troponin-I were presented as mean ± SD. No statistically significant variation was detected in baseline levels between both groups. Although 24-h troponin-I increased less in omega-3-treated arm compared to the control group, no statistically significant difference was revealed between groups.
Despite PMI was more occurred in control arm, no significant difference was detected between omega-3 (24.3%) and control (27.9%) groups with regard to the rate of PMI occurrence (P = 0.717).
By following patients for adverse effects of therapy, no major bleeding (e.g., gastrointestinal bleeding, intracranial hemorrhage) was observed in study groups.
Discussion
This trial is a randomized trial evaluating the impact of pretreatment with a loading dose of omega-3 on myocardial necrosis markers, CK-MB, and troponin-I, in CKD patients undergoing elective PCI. Based on the available literature, no previous study has assessed the efficacy of omega-3 fatty acids on these biomarkers in CKD in this setting.
The main findings of this trial were as follows: (1) less increasing trend in the level of post-PCI troponin-I was seen in omega-3 group comparing control group; however, this difference could not reach the significance level; (2) statistically significant differences were detected with regard to both baseline and 24-h CK-MB among study groups. However, the difference between baseline and 24-h CK-MB was not significant between two groups; (3) PMI occurrence was not significantly different between two groups.
Recent investigations have demonstrated the direct association between elevation of cardiac necrosis markers, CK-MB, and troponin-I, and increased risk of major adverse cardiovascular events (MACE) such as MI, target vessel revascularization, and mortality. [5, 11, 12] It is also indicated that CK-MB and troponin-I levels are of importance in the evaluation of prognosis after PCI intervention. [13] It has been revealed that elevation in post-PCI levels of these markers is associated with short-, intermediate-, and long-term adverse outcomes following PCI. [5, 6] In addition, several investigations have reported that CKD by itself is directly associated with increased risks of post-PCI adverse cardiac events and mortality. [14, 15] Meanwhile, it has been revealed that troponin-I is a highly specific marker for myocardial damage in patients with CKD, unlike CK-MB which may also be elevated in the absence of myocardial injury in patients with CKD. [16] In recent years, several trials have investigated different therapeutic strategies for preventing the rise in these cardiac markers after PCI and subsequent myocardial necrosis, mainly focusing on agents enhancing antiplatelet effect at the time of intervention. [17] Studies have shown the antiplatelet effect of omega-3 PUFAs when used alone [18] or in combination with aspirin. [19] In addition, the potential effect of omega-3 PUFAs in increasing platelet responsiveness to dual antiplatelet therapy (aspirin plus clopidogrel) has been previously reported in stable coronary artery disease patients undergoing PCI. [10] In our previous study investigating the effect of pretreatment with loading dose of omega-3 on cardiac necrosis markers (troponin-I and CK-MB) in normal kidney patients undergoing PCI, omega-3 could significantly decrease CK-MB elevation at both 8 and 24 h after PCI. Although less increasing trend in 24-h troponin-I was reported in omega-3 group, there was no statistically significant difference between omega-3 and control groups. [9] Our results were similar to the reports of this study with regard to troponin-I. In contrast, in this study, 24-h CK-MB was significantly higher in omega-3 arm compared to control group. Several factors may lead to this difference. One could be the significant higher baseline CK-MB in omega-3-treated patients. Therefore, to decrease the confounding effect of baseline CK-MB, differences between baseline and 24-h CK-MB were compared among two groups. However, no statistically significant difference was detected between study groups.
The elevated LAD involvement in omega-3 group could be another confounding factor which is a reflection of more severe atherosclerotic vessel involvement in this group. As a result, we reanalyzed the data separating those with LAD involvement from those without. However, no significant variation was detected in differences between pre-and post-PCI CK-MB in patients with LAD involvement among study groups. Furthermore, no difference was seen in those patients with or without LAD disease in omega-3 group. Therefore, after decreasing the confounding effects of higher baseline CK-MB and more LAD involvement in the intervention group, omega-3 was still unable to significantly decrease cardiac necrosis markers in CKD patients doing PCI.
In addition, one of the leading causes of PCI-attributable morbidity and mortality is myocardial necrosis and infarction defined as the elevation of cardiac biomarkers (CK-MB and troponin-I) between 1 and 3 times upper limit normal for myocardial necrosis and more than 3 times upper limit normal for myocardial infarction by AHA. [20] According to such definitions, there are various reports for the incidence of post-PCI myocardial damage in the literature ranging from 3.6% to 48.8%. Furthermore, this incidence was associated with a number of factors categorized as patient-, lesion-, and procedure-related factors. [21, 22] According to the result of this study, 27.9% in control and 24.3% in omega-3 groups experienced PMI (based on troponin-I). Despite the lower prevalence of PMI in omega-3-treated patients, no statistically significant difference was seen among the study groups. Remarkably higher levels of pre-PCI CK-MB and higher involvement of LAD vessel in omega-3 arm may have contributed to this finding. Low sample size and using just 2.5 g single dose of omega-3 might have been the other reasons.
Our study has several limitations. First, a small number of patients were included in our study (due to financial shortage), which might have led to the insignificant effect of omega-3 on troponin-I. Second, it was not feasible to measure the baseline cardiac biomarkers during the study period; therefore, despite randomization, we are not able to distribute patients insignificantly with regard to these biomarkers between study groups. Third, we did not follow the patients for evaluating the long-term MACE as omega-3 may profit beneficial effect on long-term outcomes rather than in short terms such as PMI. Fourth, a single 2.5 g dose of omega-3 was used in this pilot study. Higher doses of omega-3 and longer duration of treatment may be more beneficial.
Despite the beneficial but nonsignificant effects of omega-3 on decreasing post-PCI elevation of troponin-I and PMI occurrence, further investigations with higher study population, higher doses of omega-3 and longer duration of treatment, and long-term follow-up of patients are required to better test the potential effects of omega-3 in improving the short-and long-term clinical outcomes in CKD patients undergoing PCI.
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